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Abstract 

This paper investigates the level of progress towards integration in the European banking 

industry and its effects on the stock of banks listed in the European stock exchanges. We 

estimate the overall effect of progress by comparing the changes on the stock price volatility 

of listed banks over a period of fifteen years. Using GARCH models, we document that the 

introduction of Euro as the common European currency has contributed towards the banking 

industry integration in Europe. The same holds for the EU’ enlargement in May 2004, when 

ten new countries entered the EU. We also find evidence of asymmetric volatility spillovers 

between the bank stock returns of the groups of countries that have been involved in different 

ways at the various recent stages of the European economic and political integration.  
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1. INTRODUCTION 

The EU has dominated the political and economic developments in Europe and since 

its creation, almost half a century ago, commands an increasingly significant role in the 

international economic life. The significance of the EU for the European economic life and 

the shaping of its markets suggest that a review of the recent developments in the European 

banking industry should investigate the effects of the policies and decisions of the EU. More 

specifically, the ‘First Banking Directive’ (1977) called for harmonisation of banking in 

Europe, without offering specific suggestions as to how this should be achieved. The Single 

European Act (1986) and the Second Banking Directive (1989) signalled the determination of 

the EU to work towards achieving a single market in the banking and financial services 

industry. The EU adopted the amended Basel Accord (1996) with the implementation of the 

Capital Adequacy Directive-II (CAD-II), which in 1998 replaced CAD-I. The amended Basel 

Accord (1996) addressed earlier criticism by introducing more direct treatment to the off-

balance sheet items. The recommendations of Basel Committee aimed at international banks 

but the EU adopted them for all member states banks. Finally, the adoption of Euro as the 

common European currency and the establishment of the ECB as the central bank of all EU 

member states were the latest decisive steps towards European integration. 

The history and developments in the US financial markets provide an appreciation of 

the enormity of the European endeavour to achieve single markets throughout the member 

states. The US has a much longer history of striving for market integration, within a 

framework of a common language and a single country socially and culturally less diverse 

than Europe. However, in the US, there are still highly fragmented parts of banking and 

financial services, such as the retail banking activities and the insurance services. Single 

market was proved to be an elusive goal for the EU member states and actually very little of 

this target was achieved over almost the initial thirty years.  
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In the current study, we investigate the level of the overall progress towards the 

banking industry integration within the EU by comparing the level of integration in the bank 

stock returns recently and at the beginning of this process. In particular, we investigate the 

volatility of realised returns on bank stocks listed in the European Union countries that have 

adopted the Euro post-2002 and at the start of the process, over the period 1990-1998. 

Moreover, we investigate the volatility of realised returns on bank stocks listed in the 

European Union countries that have adopted the Euro in 2002 and those that they have not 

yet, i.e. the UK, Denmark and Sweden. 

 Our study contributes to the field by shedding new light on the debate of the 

European banking integration by examining the volatility and error spillovers between banks 

in countries that have adopted the Euro (Euro-adopters), those that have not adopted the Euro 

(Non-Adopters), the new members joined the EU in 2004 (New-Members) and countries 

outside the EU2 (Non-Members). The empirical findings of this research are useful not only to 

investors and market participants, but can have significant implications for the work of 

policymakers and regulators at national and EU level. International agencies, like the ECB 

and IMF, might also gain useful insight on how their recommendations, adopted into EU 

directives, might affect the European banking industry. 

The rest of the paper is organized as follows. In section 2 we provide a review of the 

relevant literature. In section 3 we describe the data and in section 4 we outline the adopted 

methodology. In section 5 we present our empirical results and Section 6 concludes the paper. 

2. GARCH MODELING OF MARKET INTEGRATION  

The integration of financial markets is an issue that has attracted the interest of 

investors, practitioners, governments and academics, for its consequences to identification of 

                                                 
2 The Euro-Adopters are Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxemburg, 

Netherlands, Portugal and Spain. The Non-Adopters are the UK, Sweden and Denmark. The New-Members are 

Cyprus, Czech Republic, Estonia, Latvia, Slovenia, Malta, Poland, Lithuania, Slovakia and Hungary and the 

Non-Members are Croatia, Iceland, Norway, Russia and Turkey. 
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barriers and opportunities for international investment strategies, asset pricing and portfolio 

diversification, as well as social wealthfare implications (Bartram and Dufey, 2001). 

According to Adam et al. (2002), there are several measures of financial integration with the 

most common indicators based on price and return data. The paper of Kearney and Lucey 

(2004) provide an excellent review of the literature on international equity market integration, 

exploring the methodology and empirical evidence of the most influential papers in the area 

of equity market integration in the developed markets. 

Research on equity market integration employs GARCH models to account for the 

existence of ARCH effects of higher frequency (Fratzscher, 2002). Hamao et al. (1990) 

examine first and second moment interdependencies among New York, Tokyo and London 

stock exchanges employing GARCH models. For the post-October 1987 period, they report 

that innovations coming from New York and London affect volatility in both Tokyo and 

London. Koutmos and Booth (1995) investigate the dynamic interaction of the New York, 

Tokyo and London stock exchanges examining price and volatility spillovers with the help of 

an extended multivariate EGARCH model. They document significant volatility spillovers 

from New York to London and Tokyo, from London to New York and Tokyo and from 

Tokyo to London and New York. They also report that after the October 1987 crisis, these 

stock exchanges have become more integrated and stocks in New York and London have 

become more sensitive to innovations originating in Tokyo. Lin and Ito (1994) find similar 

volatility spillovers between the London, Tokyo and New York stock markets. 

 Koutmos (1996) provides evidence on the lead/lag relationships and volatility 

interactions of four major European stock markets (i.e. UK, France, Germany, Italy) using a 

multivariate VAR-EGARCH model and reports evidence of multidirectional lead/lag 

relationships and the presence of an asymmetric volatility transmission mechanism among the 

markets.  
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Fratzscher (2002) examines the integration process of European equity markets since 

the 1980s, focusing on the role of the European Monetary Union (EMU) and the changes in 

exchange rate volatility on the integration process of European financial markets. He employs 

an uncovered interest rate parity condition to measure financial integration using a trivariate 

GARCH model and provides evidence that the European unification process had raised the 

degree of integration, in particular among countries that have adopted the Euro (Euro-

adopters). The reduction of exchange rate uncertainty and the convergence of monetary 

policies on interest rates and inflation were identified as the main drives behind the European 

financial integration. 

Bartram et al. (2005) investigate the impact of the introduction of Euro on the 

integration of equity markets in Europe during the period 1994-2003 using a GJR-GARCH-t 

model that allows capturing time-varying and non-linear relationships. They explore changes 

in the time-varying dependencies of European markets within Euro area as well as equity 

markets between Euro area and non-Euro area. Their results show that, within the Euro area, 

market dependence increases after the introduction of Euro only for large equity markets such 

as France, Germany, Italy, the Netherlands and Spain. Those markets are characterized by 

relatively large equity market capitalization, comprehensive regulations, high liquidity and 

low transaction and information costs. On the other hand, transaction costs remained 

important barriers to investment in the smaller markets and thus their integration. Testing for 

alternative structural breaks in market dependence, Bartram et al. (2005) find that the increase 

in dependence started in late 1997 or early 1998 when Euro membership was determined and 

announced. However, most of the remaining European countries continued to lack significant 

integration into the Euro area. The UK and Sweden have not adopted the Euro but their stock 

market dependence with the Euro area markets had slightly increased since its introduction, 

indicating possible market anticipation of eventual Euro adoption. 



 6 

Caporale et al. (2006) using a bivariate GARCH-BEKK model, examine the 

international transmission effects of the 1997 South East Asia financial crisis. They 

investigate whether the crisis affected the volatility transmission mechanism and changed the 

integration of international financial markets. They report that, prior to the crisis, there are 

bidirectional volatility spillovers between the South East Asian, European, Japanese and US 

stock markets. However, in the post-crisis period the causality links become unidirectional 

running only from the South East Asian markets.  

Most recently, Singh et al. (2010) examine price and volatility spillovers in fifteen 

stock markets across North America, European and Asian stock markets. They model the 

return spillover through VAR (15) in which fifteen world indices, representative of their stock 

market were considered. AR-GARCH model employed to model volatility spillovers. For 

both return and volatility, the authors find that a particular index is mostly affected by the 

indices from the markets that open/close just before it. They also find a greater regional 

influence among Asian and European stock markets. 

Our study differs from the previous studies in that it investigates and provides new 

evidence on the changes of the level of integration in the European banking industry 

following important recent developments like the passing of the Second Banking Directive 

and the introduction of the Euro. The EU aims at achieving a single market in the banking 

industry as a main drive to a broader economic integration and progress. Over the last fifteen 

years, a number of significant developments, like the introduction of CAD-I and CAD-II, the 

introduction of Euro and the accession of new member states in the EU have changed the 

economic environment and the operational framework of the European banking. However, 

there is no evidence on the effect of those changes on the level of integration of European 

banking and this study aims to provide new evidence on this issue. 
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3. DATA AND SAMPLE CHARACTERISTICS  

We use daily stock returns for 261 European banks listed in the stock exchanges of 30 

European countries. Our data source is Datastream International and the sample period 

extends from January 1990 to December 2005, including 4,168 daily observations. Table 1 

provides our sample description and the adopted classification.  

Table 1, Panel A, shows the group classification of 30 European countries included in 

our study. We employ all European countries with data for their listed banks in Datastream. 

The largest group, with twelve countries, is the Euro-Adopters, i.e. the EU member-states that 

have adopted the Euro. Three EU member states, that is, Denmark, Sweden and the UK that 

have not adopted the Euro yet and are classified as the Non-Euro-Adopters group. The second 

largest group is the New-Members group, which includes ten new members that joined the 

EU in May 2004. Finally, five European countries currently outside the EU are classified into 

the Non-Members group. 

[Insert Table 1 about here] 

Panel B shows the distribution of countries and banks for our group classification. A 

total number of 261 banks with available data are included. 135 banks (52%) are concentrated 

in the 12 member states of Euro-Adopters. Almost a fifth of our sample (54 banks) is banks 

listed on the stock exchanges of ten new member states (New-Members group). Only 46 

banks (18%) are listed on the stock exchanges of countries outside the EU (Non-Members 

group) and the remaining 26 banks (10%) are listed on the stock exchanges of countries that 

belong to Non-Euro-Adopters group. 

Panel C gives a list of major recent developments that have affected the European banking 

industry. The introduction of CAD-I and CAD-II in 1996 and 1998 respectively, the adoption 

of Euro in 1999 and the accession of the ten new member states in 2004 are the most 

significant European banking events. The effect of those events in the European banks is 
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expected to reflect in the volatility of banks returns and have a measurable impact on the level 

of the integration of the industry. 

Table 2 reports descriptive statistics for the stock returns of the four bank groups 

employed in the present study. We calculate bank stock returns as follows: 

            1ln( ) ln( )it it itR P P          (1) 

Where: itP  = stock price of bank i on day t, 1itP   = stock price of bank i on day t-1 and itR  = 

logarithmic returns of the stock price of bank i on day t. 

The mean daily return of each group of banks is calculated as follows:  
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Where: tR = average (mean) bank returns on day t, itR  = return of bank i on day t, N = 

number of banks included in each group. 

Table 2 shows that the Non-Members group has the highest mean daily bank stock 

return (0.061%) and volatility (0.78%), with the Non-Euro-Adopters experiencing the lowest 

return (0.009%) and volatility (0.04%). However, all bank groups show excess kurtosis (i.e. 

leptokurtic probability distribution function), implying fatter tails and extreme values more 

likely than those of a normal distribution. The Jarque-Berra statistic indicates that all bank 

returns series are non-normal. All stock returns for each group of banks are checked, using the 

Augmented Dickey-Fuller test, for the occurrence of unit root and they are found to be 

stationary.  

[Insert Table 2 about here] 
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4. METHODOLOGY  

We employ univariate and bivariate GARCH models in order to examine the level of 

volatility and error of bank returns for different periods of investigation. The univariate 

GARCH model for the return and variance equation has the following form:3 
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The parameter restrictions 0)(0 ST , 0)( STp , 0)( STq  and 1)()(  STqSTp   

ensure that the stochastic process { t } is well-defined (i.e., tht  0 ) and the covariance is 

stationary with 0)(  t , Var( t )=ht, and Cov ( st  , )=0, st  . 

Among GARCH models, the bivariate GARCH approach is the most widely used in 

time-varying second moments studies. The GARCH-BEKK model successfully overcomes 

the problems associated with previous approaches, like the requirement of the definite matrix 

Ht to be positive, which does not always hold. Similarly, previous approaches examining 

volatility spillovers also impose the restriction for the estimated variance to be greater than 

zero. In contrast, the GARCH-BEKK parameterisation is specified in such a manner that no 

restrictions are required to ensure a positive definite Ht matrix. 

The multivariate GARCH-BEKK model (Engle and Kroner, 1995) for the return and 

variance is: 
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3 See Bollerslev (1986) and Bollerslev et al. (1992) for details on the GARCH model. This study utilizes the 

BHHH method presented by Berndt et al. (1974) for the model estimation. 
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 Where: )(ST is the long-term drift coefficient for the constant. 

Given a sample of T observations of the returns vector, 1tR , the parameters of the 

bivariate systems are estimated by computing the conditional log-likelihood function for each 

time period as:  
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where:   is the vector of all parameters.  

Numerical maximization of the log-likelihood function following the Berndt et al. 

(1974) algorithm yields the maximum likelihood estimates and associated asymptotic 

standard errors.  

5. EMPIRICAL RESULTS 

In this section, we present our findings on the effect of the adoption of the CAD-I, 

CAD-II, the introduction of Euro and the accession of new member states into the EU’s 2004 

enlargement on the level of the banking industry integration.  

5.1. The effect of CAD-I, CAD-II and introduction of Euro 

Table 3 reports the results from estimating the univariate R(k)- GARCH (p,q) model 

in Equations 3 and 4. We test the null hypothesis of no ARCH and GARCH differences (i.e. 

one ARCH and GARCH lag) against the alternative of an ARCH or GARCH difference (for 

example two ARCH or GARCH lags). The null hypothesis is equivalent to a low level of 

heteroscedasticity and thus, to the linear R(k)-GARCH (1,1). The standard Akaike and 

Schwartz tests are employed to test this hypothesis.  

[Insert Table 3 about here] 

In Panels A and B of Table 3, we report that the log-likelihood value of the R(k)-

GARCH (1,1) model is significantly higher (15270.11) than the log-likelihood value of the 
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R(k)-GARCH (1,2) models (10411.06 and 8403.35) and the log-likelihood value of R(k)-

GARCH (2,1) model (8507.60) in the period before the introduction of Euro4. For the groups 

of Euro-Adopters, New-Members and Non-Members, the Akaike and Schwartz tests5 suggest 

that the null hypothesis of no ARCH and GARCH differences is rejected and higher level 

R(k)-GARCH (p,q) models are favoured over the R(k)-GARCH (1,1) model. In addition, the 

Akaike and Schwartz criteria favour the R(k)-GARCH (3,2) model for the group of the New-

Members in the post-Euro adoption period. Therefore, the two periods of investigation exhibit 

a volatility variety considering the ARCH and GARCH differences. 

In particular, the ARCH effects (the sum of )(STp coefficients), for the group of the 

Euro-Adopters, are higher in the first period (0.221) than the second period (0.094). The same 

holds for the group of the Non-Euro-Adopters (0.082 versus 0.049) and the group of the New-

Members (0.672 versus 0.228-0.327+0.190=0.091). In contrast, for the group of the Non-

Members, the ARCH effects in the first period are lower than in the second period (0.222-

0.106=0.116 versus 0.134 respectively). The reverse applies for the GARCH effects (the sum 

of )(STq  coefficients), which are lower in the first period than the second period for the Euro-

Adopters (0.160+0.512=0.672 versus 0.864), the Non-Euro-Adopters (0.902 versus 0.948) 

and the New-Members (0.229+0.375=0.604 versus 1.451-0.551=0.900), but higher in the first 

period than the second one for the Non-Members (0.878 versus 0.795).  

The ARCH and GARCH effects (the sum of )()( STqSTp   ) are lower in the first 

period than in the second period (0.893 versus 0.958) for the Euro-Adopters and marginally 

lower for the Non-Euro-Adopters (0.984 versus 0.997). In contrast, the ARCH and GARCH 

effects are higher in the first period than in the second period for the New-Members (1.276 

versus 0.991) and for the Non-Members (0.994 versus 0.929).  

                                                 
4 The period before the introduction and adoption of Euro by 11 countries covers the years from 1990 to 1998 

and includes the introduction of CAD-I and CAD-II. 
5 Akaike and Schwartz criteria are not reported but are available upon request.  
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Furthermore, we examine the significance of the difference of average ARCH effects, 

GARCH effects and ARCH+GARCH effects between the two periods before and after the 

introduction of Euro. The first hypothesis of equality of the overall ARCH effects between the 

two periods is rejected at the 1% significance level (t=5.49), in favour of the alternative 

hypothesis of higher ARCH effects in the first period. Similarly, the second hypothesis of 

equality of the overall GARCH effects between the two periods is also rejected at the 5% 

significance level (t=2.27), in favour of the alternative hypothesis of higher GARCH effects 

in the second period. Finally, the third hypothesis, which considers the equality of the overall 

ARCH+GARCH effects between the two periods, is also rejected at the 10% significance 

level (t=1.66) in favour of the alternative hypothesis of higher ARCH+GARCH effects in the 

first period. 

5.2 The effect of Euro adoption and the expansion of the EU 

We also investigate the differential impact of the adoption of Euro on bank stocks of 

the Euro-Adopters and Non-Euro-Adopters. Specifically, we examine whether the decision of 

three EU member-states (i.e. Denmark, Sweden and the UK) not to adopt Euro have an 

impact on the level of integration of the banking industry within the EU. In similar fashion, 

we also explore the differential impact of the EU’s 2004 enlargement on the banking industry 

outside the EU, that is, between the New-Member states and those countries that have not yet 

joined the EU (Non-Members).  

In Table 4 we present our findings of using a bivariate R(k)-GARCH-BEKK model to 

measure the level of integration of the bank stock returns in the group of the Euro-Adopters 

and Non-Euro-Adopters, in the era of the post-Euro adoption and that before the EU 

expansion in May 2004 and subsequently, to the end of 2005. We then test the difference on 

the measures of the level of integration between these events considering the volatility and 
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noise transmission between the Euro-Adopters and Non-Euro-Adopters and between the 

New-Members and Non-Members.  

Panel A of Table 4 reports the results for the R(k)-GARCH-BEKK model for the 

period of the circulation of Euro for the groups of the Euro-Adopters and Non-Euro-Adopters. 

The null hypothesis of no volatility dependence is rejected in favour of the alternative of 

volatility dependence. This happens due to the significantly unilateral transmission of 

volatility ( 12( )STb ) from the Non-Euro-Adopters to the Euro-Adopters (-0.003), implying that a 

1% increase in volatility from the Non-Euro-Adopters results in a 0.3% decrease in volatility 

to the Euro-Adopters. There is also a significantly unilateral transmission of noise ( 12( )STa ) 

from the Non-Euro-Adopters to the Euro-Adopters (0.012), implying that a 1% increase in 

noise from the Non-Euro-Adopters results in a 1.2% increase in noise to the Euro-Adopters. 

The likelihood ratio test (LR=6410.58) further supports this result. Thus, the period of 

circulation of Euro is jointly characterized by partly volatility dependence (partly integration), 

which is well captured by the R(k)-GARCH-BEKK technique.  

[Insert Table 4 about here] 

The results for testing the volatility spillovers between the New-Members and Non-

Members are reported in Panel B. The null hypothesis of no volatility dependence is rejected 

in favour of the alternative of volatility dependence. Specifically, we find that the volatility is 

transmitted from the New-Members to the Non-Members ( 21( )STb =0.102) in the period 

following the accession of the New-Members to the EU, in May 2004. This means that a 1% 

increase in volatility from the New-Members results in a 10.2% increase in volatility to the 

Non-Members. Comparing this result with that of volatility spillovers following the period of 

the Euro circulation, we observe that in the second, post-enlargement period, a different level 

of dependence (partly integration) is evident. This result suggests that there are no bilateral 

volatility spillover effects between the New-Members and Non-Members, but only unilateral 
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volatility dependence between them. The likelihood ratio test (LR=141.47) further supports 

this finding.    

Overall, our results show that there is a different pattern of volatility and noise 

spillover effects among different periods and amongst the groups of countries investigated. 

Over the first period, following the circulation of Euro, there are asymmetric volatility 

spillover effects from the group of Non-Euro-Adopters to the group of Euro-Adopters. In 

particular, there is a negative ( 12( )STb =-0.003) and statistically significant (t=-3.90) volatility 

spillover effect from the group of the Non-Euro-Adopters to the group of the Euro-Adopters. 

In contrast, the larger positive volatility spillover ( 21( )STb =0.123) from the Euro-Adopters to 

the Non-Euro-Adopters is not statistically significant (t=1.54). Over the second period, 

following the EU expansion, we find that the volatility spillover from the New-Members to 

the Non-Members is positive ( 21( )STb =0.102) and statistically significant (t=2.58). In contrast, 

the opposite effect, that is, the volatility spillover from the Non-Members to the New-

Members is negative ( 12( )STb =-0.076) and statistically insignificant (t=-0.53).  

6. CONCLUSIONS 

In this paper we explore the changes in the level of integration in the European 

banking industry following the Second Banking Directive (1989). We examine the impact of 

the introduction of Euro on the volatility of bank equities in various portfolios over the period 

from 1990 to 2005. In particular, we compare the banks in the groups of the Euro-Adopters, 

Non-Euro-adopters, New-Members and Non-Members and investigate the impact of the 

introduction of CAD-I, CAD-II and Euro and then the impact of EU enlargement in May 

2004. 

The results reveal that the introduction of Euro has changed the level of volatility and 

integration in the banking industry not only for the Euro-Adopters, but also for the Non-Euro-

Adopters, New-Members and Countries outside EU (Non-Members). In particular, the level 
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of volatility in all the above cases has decreased after the impact of CAD-I, CAD-II and the 

adoption of Euro, while the change in volatility and error is found to be larger for those 

countries that have not adopted the Euro (Non-Euro-adopters). Our findings on the effect of 

the EU enlargement by ten new countries (New-Members) in May 2004 indicate that 

volatility and error has increased more for the countries that have entered the EU (New-

Members) than those that have not yet (Non-Members).  

Our results are in line with those of Bartram et al. (2005) with respect to the univariate 

GARCH analysis, as our findings suggest that volatility and error transmission of the bank 

stock returns have increased for Euro-Adopters and Non-Euro-Adopters. Therefore, there is a 

degree of increase in the European banking integration following the introduction of Euro. 

However, we document that there are only unilateral spillover effects between the above 

groups of countries. Fratzscher (2002) has also examined the market integration between 

Euro-Adopters and Non-Euro-Adopters and reported that there was high volatility, especially 

after the adoption of Euro. Our results show that the degree of market integration is 

influenced not only by Euro-Adopters, but also by Non-Euro-Adopters. Overall, our findings 

suggest that the adoption of Euro as the common European currency has a positive effect on 

the integration of the European banking industry. 

We believe that our findings have significant economic and political implications in 

respect to the assessment of the efficacy of significant EU economic decisions on securities 

and financial investments. Moreover, international agencies, like the ECB and IMF, might 

also gain useful insight on how their recommendations, adopted into EU directives, might 

affect the European banking industry. 
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   Table 1. Sample characteristics 

Panel A: Classification of European banks according to their home country membership and 

Euro adoption 

Euro-Adopters  

(12) 

Non-Euro-Adopters  

(3) 

New-Members 

(10) 

Non-Members (5) 

Austria Denmark Cyprus Croatia 

Belgium Sweden Czech Republic Iceland 

Finland England Estonia Norway 

France  Latvia Russia 

Germany  Slovenia Turkey 

Greece  Malta  

Ireland  Poland  

Italy  Lithuania  

Luxemburg  Slovakia  

Netherlands  Hungary  

Portugal    

Spain    

Panel B: Distribution of banks in our sample data 

Group 
Number of 

Countries 
Number of Banks Percentage 

Euro-Adopters 12 135 52% 

Non-Euro-Adopters 3 26 10% 

New-Members 10 54 21% 

Non-Members 5 46 18% 

Total 30 261 100% 

Panel C: Significant events 

January 1996 CAD-I introduction 

January 1998 CAD-II introduction 

January 1999 Introduction of Euroa 

May 2004                         EU enlargement – 10 New members 
a In January 2002, the circulation of the Euro as the common European currency, replaced the individual 

national currencies of the adopting counties. 
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Table 2. Descriptive statistics 

 Mean Variance Skewness Kurtosis JB ARCH ADF 

Euro-adopters 
0.00032 0.0039 -0.5442 9.7081 8020.096a 151.72b -27.918c (3) 

Non-euro-adopters 
0.00009 0.0004 0.0810 7.2471 3137.291a 4.21b  -32.668c (3) 

New members 
0.00053 0.0123 2.1204 41.1523 255914.4a 

147.45b  -29.856c (3) 

Non-members 0.00061 0.0078 0.0048 8.3274 4927.792a 75.90b  -29.290c (3) 

Notes: Euro-adopters, non-Euro-adopters, new-members and non-members denote the stock returns of banks in 

the Euro-Adopters group, the non-Euro adopters group, the new-members group and the group of countries 

outside Euro. JB denotes the Jarque-Bera normality test. ARCH denotes autoregressive conditional 

heteroskedasticity test. ADF denotes the Augmented Dickey Fuller unit root test. In parentheses next to the ADF 

test statistic is the number of lags in the ADF regression.  
a Denotes rejection of the null hypothesis of normality, for the Jarque Bera test. 
b Denotes rejection of the null hypothesis of homoskedasticity at the 5% level.  
c Denotes rejection of the null of hypothesis of non-stationarity for the ADF test. 
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Table 3. The Impact of CAD-I, CAD-II and the Adoption of Euro on Volatility for Bank 

Equities over the Periods of 1990-1998 and 1999-2005. 

Panel A: 

Period: 1990-1998 
Euro-Adopters Non-Euro-Adopters New-Members Non-Members 

Return Equation R (1) R (1) R (1) R (1) 

C 
       0.174E-3*** 

(3.11) 

       0.190E-4*** 

(2.73) 

-0.170E-4 

(-0.91) 

     0.021E-2** 

(2.26) 

R(1) 
    0.262*** 

(11.44) 

    0.126*** 

(6.06) 

0.388*** 

(106.21) 

  -0.0650*** 

(-2.80) 

GARCH Equation GARCH (1,2) GARCH (1,1) GARCH (1,2) GARCH (2,1) 

C 
     1.14E-5*** 

(11.53) 

     2.87E-8*** 

(5.19) 

   1.29E-7*** 

(8.0889) 

     0.10E-5*** 

(13.468) 

ARCH (1) 
   0.221*** 

(12.13) 

  0.082*** 

(10.79) 

   0.672*** 

(31.87) 

0.222*** 

(10.58) 

ARCH (2)    
-0.106*** 

(-5.13) 

GARCH (1) 
    0.160*** 

(4.06) 

    0.902*** 

(99.60) 

   0.229*** 

(6.87) 

 0.878*** 

(131.71) 

GARCH (2) 
    0.512*** 

(12.67) 
 

   0.375*** 

(13.70) 
 

(ARCH+GARCH)<1 0.893 0.984 1.276 0.994 

Log-Likelihood 10411.06 15270.11 8403.35 8507.60 

Panel B: 

Period: 1999-2005 
Euro-Adopters Non-Euro-Adopters New-Members 

Countries Outside 

EU 

Return Equation R (1) R (1 TO 2) R (1) R (1) 

C 
      0.045E-2*** 

(5.19) 

   0.0103E-3 

(1.38) 

0.066E-2*** 

(4.71) 

      0.102E2*** 

(5.73) 

R(1) 
  0.110*** 

(4.37) 

-0.038** 

(-2.06) 

 

0.052*** 

(1.81 

     0.067*** 

(2.80) 

R(2)  -0.0392**(-2.0634)   

GARCH GARCH (1,1) GARCH (1,1) GARCH (3,2) GARCH (1,1) 

C 
       0.792E-6*** 

(5.16) 

       0.538E-9*** 

(3.08) 

0.134E-5 

(6.07)*** 

        0.516E-5*** 

(9.25) 

ARCH (1) 
   0.094*** 

(9.39) 

  0.049*** 

(9.24) 

 

0.228 

(9.54)*** 

   0.134*** 

(11.05) 

ARCH (2)   
-0.327 

(-10.62)*** 
 

ARCH (3)   
0.190 

(12.95)*** 
 

GARCH (1) 
   0.864*** 

(58.25) 

   0.948*** 

(194.87) 

1.451 

(28.86)*** 

     0.795*** 

(55.26) 

GARCH (2)   
-0.551 

(-14.25)*** 
 

(ARCH + GARCH)<1 0.958 0.997 0.991 0.929 

Log-Likelihood 7487.762 11807.39 6444.580 6251.252 

Notes: (1) Numbers in parentheses are z-statistics. (2) *, **, *** declare significance at the 10%, 5% and 1% 

significance level, respectively. (3) The lag selection over the return and variance equation for the various 

GARCH models has been done using the Akaike and Schwartz criteria. The results are not reported due to 

limited space but are available upon request.  
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Table 4. Bivariate Transitions of News for the Period after the Circulation of Euro.  

Panel A: Circulation of Euro Period: (Jan. 2002 – Apr. 2004) – Euro-Adopters (1), Non-Euro-Adopters (2) 

Return Equation of Euro-Adopters Return Equation of Non-Euro-Adopters 

C 
   0.162E-3 

(1.28) 
C 

  0.437E-5 

(0.35) 

R1 (1) 
     0.148*** 

(5.49) 
R2 (1) 

  0.779E-2 

(0.29) 

R1 (2) 
0.025 

(0.93) 
R2 (2) 

  -0.076*** 

(-2.84) 

Bivariate GARCH Equation 

Transmission of volatility and error between the Euro-Adopters: GARCH(1,1) and the Non-Euro Adopters: GARCH(1,1) 

)(1 ST
       0.372E-3*** 

(3.46) 

)(2 ST
  0.131E-4 

(1.13) 

)(11 ST
c         0.107E-2*** 

(9.21) 

)(12 ST
c        0.192E-4** 

(2.218) 

)(22 ST
c  0.264E-7 

(0.25E-3) 

)(11 ST
b       0.904*** 

(60.94) 

)(12 ST
b      -0.003*** 

(-3.90) 

)(21 ST
b  0.123 

(1.54) 

)(22 ST
b    0.990*** 

(252.35) 

)(11 ST
      0.356*** 

(12.61) 

)(12 ST
       0.012*** 

(6.83) 

)(21 ST
  -0.317 

(-1.22) 

)(22 ST
        0.143*** 

(7.98) 

Log-Likelihood 17161.73 

Null hypothesis: The volatility and error transmission between the Euro-Adopters and Non-Euro-Adopters is zero 

Chi-Squared (8) 
1506307.95 

(0.000) 

Null hypothesis: The residuals of the Euro-Adopters and Non-Euro-Adopters are equal 

LR 
6410.58  

(0.000) 

Panel B: Expansion of EU  Period: May 2004 – 2005 - New Members (1), Non-Members (2) 

Return Equation of New Members Return Equation of Non-Members 

C 
         0.105E-2*** 

(3.766) 
C 

      0.161E-2*** 

(4.78) 

R1(1) 
     0.129*** 

(2.68) 
R2(1) 

   0.100** 

(2.08) 
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Bivariate GARCH Equation 

Transmission of volatility and error between the New Members: GARCH(1,1) and the Non-Members: GARCH(1,2) 

)(1 ST
        0.887E-3*** 

(3.242) 

)(2 ST
        0.203E-2*** 

(8.50) 

)(11 ST
c        0.433E-2*** 

(9.76) 

)(12 ST
c  0.959E-4 

(0.22) 

)(22 ST
c  0.171E-4 

 (0.56E-3) 

)(11 ST
b     0.477*** 

(3.45) 

)(12 ST
b  -0.076 

(-0.53) 

)(21 ST
b      0.102*** 

(2.58) 

)(22 ST
b      0.866*** 

(19.52) 

)(11 ST
      0.350*** 

(8.12) 

)(12 ST
  0.041 

(0.55) 

)(21 ST
  -0.035 

(-0.414) 

)(22 ST
        0.502*** 

(7.62) 

Log-Likelihood 4017.29 

Null hypothesis: The volatility and error transmission between the New-Members and Non-Members is zero 

Chi-Squared (8) 
3817.05 

 (0.000) 

Null hypothesis: The residuals of the New-Members and Non-Members are equal 

LR 
141.47  

(0.000) 

Notes: (1) Numbers in parentheses are t-statistics. (2)*, **, *** declare significance at the 10%, 5% and 1% 

significance level, respectively. (3) 
)(1 ST  is the long- term coefficient which replace the expected value of the 

return equation:  



n

i

ntR
1

)1(0 ,
)(2 ST

 is the long-term coefficient which replaces the expected value of the 

return equation: 



n

i

ntR
1

)1(0 , )(11 STc  is the constant coefficient of the variance equation for the first series,  

)(12 STc  is the joint constant coefficient of the two variables for the joint variance equation, )(22 STc  is the 

constant coefficient for the variance equation of the second variable, )(11 STb  declares volatility for series 1, 

)(12 STb  indicates volatility transmission from the second variable to the first variable, )(21 STb indicates volatility 

transmission from the first variable to the second variable, )(22 STb  indicates volatility for the second series, 

)(11 ST  indicates level of noise for the first series, )(12 ST  indicates transmission of noise from the second 
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variable to the first variable, )(21 ST indicates transmission of noise from the first variable to the second 

variable, )(22 ST  indicates level of noise for the second variable.  


